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Delayed Plaque Enhancement
by CT Angiography
High-risk coronary atherosclerotic plaques that are believed to
lead to acute coronary events usually demonstrate 2 distinct
features on computed tomography (CT) angiography: low
(30 HU) attenuation presumably representing the necrotic
core and positive remodeling (plaque area/reference area,
1.1) of the affected vascular segments (1). Plaques that lack
these 2 features are less commonly associated with subse-
quent adverse coronary events. In addition to low attenua-
tion and remodeling, the identification of other character-
istics of high-risk plaque, such as inflammation and
neovascularization, are not amenable to standard CT an-
giography (2).
By a molecular targeting strategy, intravenous administra-
tion of a CT angiographic contrast agent comprising iodinated
nanoparticles dispersed with surfactant has been employed to
image macrophages and inflammation in atherosclerotic
plaques (3). On the other hand, coronary plaque neovascular-
ization has been reported with contrast-enhanced ultrasound
and cardiac magnetic resonance (4,5) but not by CT. Because
microvessels are below the threshold of spatial resolution of CT,
we hypothesized that serial CT acquisitions at a short imaging
interval following contrast injection should allow analysis of
plaque enhancement as a marker of neovascularization.
We investigated 13 patients with stable angina (63.5 
10.3 years, all men, body mass index 24.4  2.1 kg/m2).
The study was approved by the ethics and human research
subjects review committee; delayed enhancement protocols,
incremental radiation dose, and the research components of
the study were discussed with patients and they voluntarily
consented to participate in the study. All patients were in
sinus rhythm and atenolol (25 mg) was administered orally
or propranolol (2 to 10 mg) intravenously before the CT
procedure to achieve a heart rate 60 beats/min (mean
51.1  4.9 beats/min; range: 43 to 60 beats/min). Coronary
CT angiography was performed using a 320-row area
detector CT (Toshiba, Ohtawara, Japan) with prospectively
ECG-gated axial single-beat acquisition at 75% of R-R,
320  0.5 mm collimation, 175 ms temporal resolution, and
120 kV tube voltage. Mean tube current per acquisition was
119  21.0 mA and mean radiation exposure was 7.9  1.6
mSv for both acquisitions combined. The injection rate of
contrast agent was determined as the patient’s weight 
0.06 ml/s and scanning started when arrival of the contrast
medium in the left ventricle was visually confirmed. With-
out a second contrast injection, and using identical param-
eters, data acquisition was repeated after an interval of
3 min.Contrast-enhanced coronary CT angiography in the 13
patients demonstrated 8 coronary segments showing 2
features of high-risk plaques (i.e., positive remodeling and
low attenuation plaques). In 13 segments, although a plaque
was identified, the lesions did not show both characteristic
features of high-risk plaques. In all plaques, CT attenuation
was obtained through the minimum CT value from 5
circular regions (area 1 mm2) of interest. By using land-
arks, such as calcifications and/or side branches, attenu-
tion measurements were repeated at exactly the same
ocation in the datasets obtained 3 min after contrast
njection. Contrast washout between the initial and delayed
T datasets was determined as a percent value both for all
laques (early plaque attenuation  delayed plaque atten-
ation)/(early plaque attenuation) and for the ascending
ortic lumen (early aortic attenuation  delayed aortic
attenuation)/(early aortic attenuation). Table 1 demon-
trates the observed values. There was no significant differ-
nce in the CT attenuation of the aortic lumen in 8 patients
ith and 11 patients without high-risk coronary plaque,
ndicating similar kinetics of contrast enhancement in the 2
roups. However, the washout of contrast from high-risk
laques after 3 min (8.0  6.1%) was significantly lower
han the washout from plaques without high-risk morphol-
gy (4.1  8.0%, p  0.005) (Figs. 1A and 1B). A possible
explanation for this observation may be intraplaque neovas-
cularization with different contrast enhancement patterns in
stable and high-risk coronary atherosclerotic lesions. Fur-
ther investigation of this phenomenon is warranted.
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Table 1. Delayed Plaque Enhancement Characteristics
Plaques With
High-Risk CT
Features
(n  8)
Plaques Without
High-Risk CT
Features
(n  11) p Value
No. of plaques 8 13
Ascending aorta (mean
per patient)
Early attenuation 393.4 40.9 382.0 55.5 NS
Delayed attenuation 96.1 7.2 97.4 7.1 NS
Washout 75.5 1.8 74.1 3.9 NS
Coronary plaque (mean
per plaque)
Early attenuation 16.6 8.2 69.4 21.5 0.0001
Delayed attenuation 48.5 29.6 54.8 26.2 NS
Washout 8.0 6.1 4.1 8.0 0.005
Values are mean  SD.
CT  computed tomography.
ling
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 5 , N O . 1 1 , 2 0 1 2
N O V E M B E R 2 0 1 2 : 1 1 8 1 – 6
Letters to the Editor1182*Department of Cardiology, Takase Clinic, 885-2 Minami-orui,
Takasaki 370-0036, Japan. E-mail: s-fujimo@tj8.so-net.ne.jp
http:dx.doi.org/10.1016/j.jcmg.2012.01.026
R E F E R E N C E S
1. Motoyama S, Sarai M, Harigaya H, et al. Computed tomographic
angiography characteristics of atherosclerotic plaques subsequently result-
ing in acute coronary syndrome. J Am Coll Cardiol 2009;54:49–57.
2. Virmani R, Kolodgie FD, Burke AP, et al. Atherosclerotic and plaque
progression and vulnerability to rupture: angiogenesis as a source of
intraplaque hemorrhage. Arterioscler Thromb Vasc Biol 2005;25:
2054–61.
3. Hyafil F, Cornily JC, Feig JE, et al. Noninvasive detection of macro-
phages using a nanoparticulate contrast agent for computed tomography.
B
80
70
60
50
40
30
20
10
0
Pe
rc
en
t (
%)
Non-CT-HRP
N.S.
CT-HRP
A
Figure 1. Comparison of Contrast Washout Between Early and Delayed CT
(A) Comparison of contrast washout between early and delayed computed tomogr
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reduction and associated plaque without high-risk features in the proximal right co
attenuation (high-risk morphology) was found in the distal right coronary artery. Pe
lesion. CT-HRP  computed tomography veriﬁed high-risk plaque (positive remodeNat Med 2007;13:636–41.4. Moritz R, Eaker DR, Anderson JL, et al. Intravascular ultrasound
detection of vasa vasorum blood flow distribution in coronary artery vessel
wall. J Am Coll Cardiol Img 2012;5:935–40.
5. Maintz D, Ozgun M, Hoffmeier A, et al. Selective coronary artery plaque
visualization and differentiation by contrast-enhanced inversion prepared
MRI. Eur Heart J 2006;27:1732–6.
Pre-Dismissal Surveillance
Echocardiography Second Day
After TAVR
Transcatheter aortic valve implantation (TAVI) has been recog-
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a Representative Case of Coronary Plaque Delayed Enhancement
y (CT) acquisitions in the aortic lumen (left) and within coronary atherosclerotic
B) Delayed enhancement of a high-risk coronary plaque. A 61-year-old male, with
nt coronary CT angiography that revealed a stenosis with 75% luminal diameter
ry artery. In addition, a second lesion with positive remodeling and low initial CT
t contrast washout was 2.4% in the proximal lesion and 6.3% in the distal
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